Abstract: Neopterin, cortisol and immunoglobulin A were measured to determine what effect a professional rugby competition has on the immunity, inflammatory and psychophysiological stress response. Urine and saliva were collected from 37 professional players at regular intervals throughout a 20 week professional competition. Total neopterin, cortisol and secretory immunoglobulin A were analysed using enzyme linked immunosorbant assay (ELISA) and high performance liquid chromatography (HPLC). All markers did not change significantly when analysed as a group during the course of the season compared to baseline (p > 0.05), although long-distance travel had a minor effect on cortisol and secretory immunoglobulin A concentrations (p < 0.05). More importantly, a large inter-individual variation for all markers was observed (p < 0.001). These results indicate this competition of professional rugby does not cause significant changes in psychophysiological stress. Some players however, may become more susceptible to fatigue and infection during the course of a season as a result of suppressed immunity and sustained activation of the inflammatory response.
Introduction
Professional rugby union comprises approximately 40 weeks/year of competitive play. This incorporates weights, training sessions, and games involving repeated high force impacts shown to induce substantial inflammation, stress [1, 2] and player susceptibility to clinical infection [3] . Moreover, player requirements in the modern era are not strictly rugby related but can include media and sponsorship obligations, time away from friends and family, and considerable long distance travel shown to cause changes in physiological stress in other professional sports [4] .
The measurement and quantification of cumulative physiological stress during a season of professional rugby union has not been investigated effectively. There have been a handful of studies that have utilized biochemical analysis to measure cumulative stress in team sports [5] [6] [7] [8] [9] , however the majority of these fail to observe specific patterns due to a lack of sampling (limited time points), group approaches, use of limited bio-markers and have not considered the effect of professional sport on immune system activation or the inflammatory response. There is also a lack of evidence concerning the effect of longdistance travel and positional differences in professional rugby on this response.
Neopterin, a product of 7,8-dihydroneopterin oxidation that is released from γ-interferon activated macrophages [10] , has been shown to be an effective marker of immune system activation and inflammation in acute exercise [11] . Previous evidence has demonstrated rugby union causes both an immediate increase in urinary total neopterin (neopterin+7,8-dihydroneopterin) [11] [12] [13] , whilst showing promise as an indicator of short-term cumulative stress [1] and competitive bodybuilding [14] . In conjunction with salivary immunoglobulin A (sIgA) whose concentration and secretion rates have been shown to change in response to both short and long-term high intensity/season long competition [15] , and cortisol which is regularly measured for gauging the psychophysiological state of an athlete [16] and whose concentration increases in stale, underperforming and over-trained athletes [17] , neopterin may provide some valuable information pertaining to rugby specific immune system activation during a competition.
The aim of this study is to therefore monitor changes in immune system function, inflammation and psychophysiological stress in a non-invasive manner in professional rugby. It intends to provide information concerning group, positional and individual changes in physiological stress to quantitatively identify the longitudinal response to a physical impact sporting competition.
Materials and methods
Thirty-seven professional rugby players from a single team who competed in the 2014 Super 15 competition (franchise) volunteered for the study. The participants were 26.0±3.5 years, 1.86±0.07 m and 104.5±9.3 kg. Of the 37 participants, 23 were selected per game, while the remaining players played club rugby. The experimental protocol was approved by the University of Canterbury Human Ethics Committee, Christchurch, New Zealand and all participants were informed of the risks involved in the study before their written consent was obtained.
Sample collection
Urine and saliva samples were collected 2 and 4 weeks before the first regular season game, and during weeks 2, 3, 4, 7, 10, 12, 13, 17, 18 and 19 from each subject throughout the 20-week regular season. Collections occurred between 8:30 and 10.00 am every Monday morning (when the team was based at home) to avoid dietary and circadian influences. Between 25 and 35 participants provided samples at each collection time point. Collection was subject to player injury and individual training protocols that may have prevented them being present at the training facilities where collection took place. The traditional training week leading up to each regular season game is outlined in Table 1 .
Urine and whole un-stimulated saliva was collected as previously described [12] . Saliva was weighed to the nearest mg and volume calculated assuming a saliva density of 1.00 g/mL [18] . The saliva flow rate (mL/min) was determined by dividing the volume of saliva by the collection time (1 min). Saliva samples were placed on ice immediately and aliquoted and frozen at -80°C until analysis while urine samples were analysed immediately upon return to the laboratory.
All solutions and reagents were prepared with water purified using NANOpure ultrapure water system from Barnstead/Thermolyne (Iowa, USA). Chemicals and reagents were supplied from Sigma Chemical Company (St Louis, MO, USA), BDH Chemicals New Zealand Limited (Auckland, New Zealand) and Schircks Laboratories (Jona, Switzerland).
Neopterin preparation and analysis
High performance liquid chromatography (HPLC) and sample preparation was conducted as described previously [14] . Samples were thawed and brought to room temperature before being diluted 1 in 40 with a buffer (20 mM ammonium phosphate pH 2.5). For total neopterin analysis, an oxidation step converted 7,8-dihydroneopterin to neopterin as described previously [14] before 100 μL was transferred to an autosampler vial for HPLC analysis. HPLC measurement of neopterin was performed using a Shimadzu Sil-20A HPLC (Shimadzu, Kyoto, Japan) with autosampler, RF-20Axls fluorescence detector and a SPD-20A photo diode array detector as previously reported [14] . Ten microlitres of sample was injected onto a Luna 5 μm strong cation exchange (SCX) 100 Å, 250 × 4.6 mm column (Phenomenex, North Shore City, New Zealand) with a mobile phase of 100% 20 mM ammonium phosphate pH 2.5 pumped at 1 mL/min. Neopterin was detected by its native fluorescence at 438 nm, excitation 353 nm and quantified by peak area using Shimadzu Class VP software.
sIgA analysis
Salivary IgA was analysed using an indirect competitive enzyme immunoassay (EIA) kit (Salimetrics, USA) as described previously [12] . Briefly, a constant amount of goat anti-human sIgA conjugated to horseradish peroxidase was added to tubes containing specific dilutions of standards or saliva samples vortexed and centrifuged at 3000 g for 15 min. Subsequent to incubation and mixing, an equal solution from each tube was added in duplicate to a microtitre plate coated with human sIgA. Unbound components were washed away after incubation and followed by the addition of tetramethylbenzidine (TMB). Optical density was read on a standard automated plate reader at 450 nm (BMG Fluostar Optima, Ortenburg, Germany). Salivary IgA secretion rate (μg/min) was calculated by multiplying saliva flow rate by IgA concentration.
Cortisol analysis
Salivary cortisol was measured by competitive enzyme linked immunosorbent assay (ELISA) using monoclonal antibodies as described previously [19] . Briefly, 50 μL of cortisol standard (0-280 nmol/L) or 50 μL of reconstituted saliva extract was added to a microtitre plate. This was promptly followed by 50 μL of an antibody cocktail. The plates were incubated for 15 min at 20°C prior to washing and the addition of substrate with further processing as described above. Saliva (250 μL) was extracted with 1.0 mL dichloromethane and 500 μL dried and reconstituted in 125 μL of assay buffer.
Specific gravity
Urine volume was calculated through specific gravity (SG) using a hand-held refractometer (N -20, Atago, Tokyo, Japan). Neopterin concentration was corrected using SG and calculated using the following formula [20] . 
Statistical analysis
The effect of cumulative change in concentrations of each marker after it was log transformed (non-normal distribution) was tested in a linear mixed effects model fitted with restricted maximum likelihood, conducted in the lme4 package [21] in R version 3.1.1 [22] . P values and effects sizes (n 2 partial ) for coefficients of fixed effects were calculated using Satterthwaite's method of denominator synthesis, conducted in the lmerTest package [23] for R. Each marker was analysed as the response variable in a separate model. The fixed predictor in each model (analysed separately) was time, forwards vs. backs and those participants who travelled to South Africa for 3 weeks vs. those that did not. Player identity was included as crossed random effects to account for the non-independence of marker measures from each player. As there is no true replication of players (multiple measures are pseudo replicates), individual levels of this factor could not be compared, so we tested whether there was significant overall variation explained by the random effects using a likelihood ratio test. Significance was set at p < 0.05 and data is presented as mean±SEM.
Results
Saliva cortisol for the group did not significantly change over time compared to the beginning of the competition, except for a significant increase during week 3 (p = 0.002, n Figure 1A ) compared to baseline. There were also no differences between the forwards and backs ( Figure 1B ). There was, however, a significant difference (p < 0.001, n 2 partial = 1.52) in concentration between the participants who travelled to South Africa compared to those that did not upon their return ( Figure 1C) .
Urinary total neopterin analysis found no significant changes throughout the competition ( Figure 1D ). Group analysis showed an observable upward trend that was not statistically significant during the 20-week competition ( Figure 1D ), while travelling to South Africa ( Figure 1F ) did not cause any significant changes in total neopterin. The only significant difference measured (p = 0.033, n 2 partial = 0.271) was that between forwards and backs following the pre-season internal trial game ( Figure 1E ).
Group sIgA concentration (Figure 2A ) was shown to increase during the competition with significant differences measured following the international break (week 17) (p = 0.003, n = 0.469) compared to baseline. There were no differences between forwards and backs ( Figure 2E ) or between those participants who travelled to South Africa compared to those that did not ( Figure 2F ).
When participants were analysed individually (not the same participants represented), all markers showed significant (p < 0.001) individual variation ( Figure 3 ). Whilst salivary cortisol ( Figure 3A ) and urinary total neopterin ( Figure 3B ) for one subject show a relatively unchanged response, another subject had spikes and troughs (cortisol) or continual elevation (neopterin) above their initial baseline. The sharp drop at time point 10 observed for total neopterin coincided with a 3-week rest during the international break. When analysing immune system status, one individual showed an increase in function over time, while another steadily decreased ( Figure 3C ) with periods of suppression and restoration ( Figure 3D ).
Discussion
This study provides clear and concise evidence of the longitudinal stress experienced during a professional rugby competition at both an individual and group level. Biochemical analysis using haematological [5] and immunoendocrine [3] parameters of athletes in team sports has been used to identify longitudinal changes in physiological stress [24] . Problems that have arisen from this type of analysis revolve around the level of sampling and methodological approach that we feel does not justify an adequate understanding of physiological assessment [6, 7] , although some studies have sampled up to 20 times [25] . Furthermore, analysis has normally been conducted during a short training block [26] or entire year [3] where it does not provide direct influential benefits. While it can identify trends, it does not take into account the individual week by week response of an athlete where it is most pertinent for understanding and observing the potential change. Routine (bi-weekly for example) biochemical analysis in conjunction with traditionally utilised performance measures may provide a useful predictive tool for identifying certain players at risk of developing functional overreaching (FO), non-functional overreaching (NFO) or over-training syndrome (OTS).
This study suggests a professional rugby competition does not alter the psychophysiological state of a professional team over-time which contrasts the findings of a similar study [3] and Australian Rules Football [25] . It is however in accordance with other team sports such as American Football [24] with differences potentially attributed to the different physical intensities of the sports, the level of competition, or the type of analysis/sample collection protocol which is known to affect concentrations [27] . The analysis does provide a key insight into the individual player response variability and the capability of biochemical analysis to highlight this difference. While some players present the ability to recover week by week, there is a suggestion that others may be failing to recover as a result of the stresses imposed during a competition of professional rugby and the associated training and social commitments.
Inflammatory markers are typically used for quantification of the acute phase response to exercise [1] . Their effectiveness as a marker of longitudinal stress in a professional contact sport however, has not been explored in depth. Neopterin's observable increase as a group indicates there is increased immune activation during the competition. This could potentially correspond to any form of under-performance which contradicts the response of cortisol and sIgA, or is simply a coping mechanism used to alleviate the week by week stress of the high force impacts. This is in contrast to a decrease in c-reactive protein (CRP) over the course of a year in professional rugby [28] which may be a result of different intensities between the groups, or the small number of time points tested in the latter study (seven). This is also the first study that utilizes total neopterin's known representation of an inflammatory response to monitor and observe longitudinal stress in any athlete. It may therefore provide a new angle of cumulative physiological stress assessment that has not been considered. Moreover, while there was a lack of difference between player position and no further change between players who travelled compared to those that did not, individual total neopterin analysis provided a clear and resolute picture of individuals whose immune systems are increasingly over-activated. Smith [29] suggested that "repetitive intense exercise coupled with inadequate rest causes micro-trauma to joints, muscles and connective tissue, resulting in a cytokine induced initiation of a 'whole-body' response involving chronic systemic inflammation that may be more related to recovery and survival than adaptation to stress". Coupled with a sustained inflammatory response known to down regulate muscular strength [30] and used to assess disease progression [31] , inflammatory analysis through urinary total neopterin measurement may be a useful monitoring tool for informing team staff about players struggling to recover. The lack of change in cortisol in conjunction with the observed increase in sIgA concentration and secretion rate may represent higher levels of immunity, a decreased susceptibility to upper respiratory infections and indicative of careful player management (work-load). Whilst rugby union games have predominantly been shown to be of a high intensity [11, 13] , the uncompromised immune system throughout a season may provide speculative evidence that rugby union supports immune system function. These results however are in contrast to Cunniffe et al. [3] who noticed no change in sIgA during a year of professional rugby. Differences may be attributable once again to sampling procedures which can be affected by collection technique [27] or the differences in game play between northern and southern hemisphere rugby.
Travel also seems to influence the biochemical balance. Few studies have investigated the effects of longhaul travel [32, 33] even though professional rugby players are expected to return to training immediately. For the players involved in this competition, diurnal rhythm complications or "jet-lag" does not seem to have any long-term effect on the psychophysiological state or inflammatory response of those players.
Due to strict player schedules and confidentiality of player information, subjective ratings of soreness and fatigue as well as quantitative measurements of physical performance were unable to be collected. Although biochemical markers can be used to distinguish between athlete's suffering from NFO and OTS [34] , a comprehensive evaluation was unable to be conducted. Unfortunately this is an issue with real-world professional investigations. Moreover, the irregularity of games, travel and professional commitments also made the level of analysis smaller than originally anticipated. Whilst this study does provide one of the more comprehensive evaluations (number of time points) of a professional sport compared to similar physical impact studies [2] , the individual changes identified warrant at least bi-weekly analysis to potentially corroborate the efficacy of biochemical analysis in the identification of intraand inter-individual psychophysiological stress.
Conclusion
This professional rugby competition did not cause significant changes in selected markers of psychophysiological stress, however the high inter-individual variation identifies some players with an over activated inflammatory response and suppressed immunity. Cortisol, sIgA and total neopterin each provide a unique insight into the longitudinal physiological stress response over of a rugby competition which could be used in conjunction with traditional performance measures by training, medical and coaching staff to better inform player management.
